Appendix B: 
'*Marked Up" Version of Substitute Specification 

MODEL FOil FUSION PROTEIN FlINCf lOMNG AS MUTUALLY EXCLUSIVE 
DOMAil^j FOLDING A MOLECULAR SWITCH 

Bacikfflrotmd of the Invention 

[0001 J The invention relates generally to a mod e l for a rnwtu a lly «x<;lMsi¥e fe ^ 

It Technical Fietd 
a* Related Art 

[0002] Ribonucleases are hydrolase enzymes that break linkages between nucleotides in 

ribonucleic acid. They are accordingly highly cytoVoxic. A major pmbleTri with their use as 
thempeutic agents, for example, as phannacologic agents in tbe treatment of cancer, is that 
their cytotoxicity is indiscriminate. Currently available ribonuclease phai-maco logic agents kill 
normal as well as neoplastic cells, and the side effects of their use can be severe. Additionally, 
currently available ribonuclease agents demonstrate poor bioavailability owing to their rapid 
ck'iira<ij!t iot) by tlie liver and tlieir difficulty in passing through both normal and neoplastic cell 
nict)ibranos. 

Summary of the Inventtoa 

[0003] Tlie present invention comprises o model for a mutually e.Kclusivo folding domain 

mel e ettlar-switeh fasion protein (and a method for the creation thereof), which mod e l 
jmetegateawal^M*^^ ft fttsion protein eet^rirsinj i e i«ekhtejg includes «f-lefts^ 

a ubiquitin insert protein having an insert regulatory domain lying between an amino 
tennina! and a carboxyl tenninai of the al 4 ea s t- e fte abiquitin insert protein, the ubiqui tin insert 
protein being associated with a first quantity of free energy; and, a faamase taiget protein 
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having ft^4ea&^^ft e a surface loop that begins at a ^ ks^^Bj^ee-teeg-^mfte-a eM an aipha carbon 
of aft tmtiai attvtno ac id of fee sar fece |o and teniii nates at a second snrfac e loop am i no ac id 
an alpha Laibun of a ieTn\Mi..M anitro f ij -vu-K'^o loo/ r'sj af -oj^-e Muface bop 

coinptjsmu a taiget c> totv'\K domain of the baii^asc taigot pjotesn the tam>.-t L>toto\iC duniam 
bcjng vii-sociatcd w ith a second quantitj, of free energy, wherein, the ttHeetH»Ke ubKjitntn 
insert protein is ep e r a tiv ^ ly inserted g a point within the at -i«as t - t>n e surface loop between the 
fe H>Bffeee4eep^«»Be-aei4 alpha carbon of the first amino acid of the surface toop a nd the 
^ ^e umd s ui fac e loop dnnno aeid alpha carbon of the tenninai annno acid of the surface ioop. 
such {hat an annno-ca{k)X)'] length extending b e tw ee n an alpha oatbo» of tht; annno lennnuil 
of th e at i e ast t>n e tnsett prot e ni and an alpha carboti of th e caibow li e nnuial of the at l e a ' >t one 
ubiquitin insert piotem \s at least two-tnnes greater thati an alpha carbon-alpha carbon length 
e xt e nd i ng b e tw ee ! ( itb e aiphaeaFbo«"efth & f i rst"3M3rfae e ioop"a«tiftoaeidan 
ei-^^e^9eeead^9»^feee4eep-a«M«-e^aeM of the barnase target protein. 

Brief Descrij^^^^ 

[0004 J FIG. 1 A is a schematic iilustration of an insert regulatory domain of aa -^ x « .B^a f y a 
ubiquitin insert protein in an unfolded conformation 

[0005] FIG, IB is a schematic illustration of an insert re g ulator y donxain of an exemplary a 

ubiquitin insert protein in an folded conformation. 

[0006] FIG. iC is a schematic illustration of a conformation of an e xemp t aiy a barnase target 
protein having a folded target c ytotoxic domain in the shape of a wedge and having a surface 
loop. 

(O0O7| FIG. I D is a schetnatic illustration of a conformation of a barnase target protein having an 
unfolded Mget cytotoxic domain in the shape of a straight line and having a surface loop. 

[0008] FIG. IE is a schematic illustration of a ubi quitin-bamase e j^ e ti^iafy fusion protein capable 
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of existing in two mutually exciusive conforrnations. 

[0009] FIG. 1 F is a schematic iiiustt"atjon of a itbiquitin-bamase e ^ ie a^kfy ftision protein capable 
of existing in two mutually exclusive conformations, in which an equilibrium state has been 
influenced by the binding of a ligand. 

[OOOI OJ FIG. 2A is a schemalic illustration of a human ubiquidn moiecule. 

[000 1 1 3 FIG, 2B is a schematic illustration a bamase molecule. 

[00012] FIG. 3 is a graph of circular dichroism spectra of a ubiquitin-bamase fusion protein as a 
fuiiction of temperature, showing temperature-induced conformational change in the structure 
of ubiquitin-bamase fusion protein. 

[0001 3] FIG. 4 is a graph of the conversion an ubiquitin-barnase fusion protein from the barnase 

confomiation to the ubiquitin conformation, monitored by ellipticity at 230 mu (open triangles, 
solid line) and baniase enzymatic activity (closed triangles, dashed line). Lines are for 

illustrative puipose only. 

[00014] FIG. 5 is a graph showing the denaturation of the bamase domain (10 °C, circles) and the 
ubiquitin domain (40 *C, squares) induced by urea and guanidine hydrochloride ("GdnHCl"), 
respectively, 

[000 1 5] FIG. 6 is a graph of a circular dichroism spectral recording at 40 degrees C, showing 
barstar-induced folding of the barnase domain and unfolding of the ubiquitin domain. 

[00016] FIG . 7 is a graph of a circular dichroism spectral recording at 15 de|p-ees C, showing 
barstar-induced folding of the barnase domain and unfolding of the ubiquitin domain. 
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[0001 7] The fflette i- fef - « fmim pmtcm of the present inveMion fanptjons as a mutually exclusive 
^effiftift folding domain moiecular switch is pfe¥i^tes-8^»e¥el^9a4^peweffel-^pffeft^ 

m e cbatiisa^ to for iind e rstattditt m e chanisms of aMo5teIic sw^tel1jn<,^io 

molcciilar bioiogy and fof the deveioping diagaQstic tutd therapeutic proteins vvitli novel 
capabi l ities , possessing the following advantages: 

a) the mechajnism of the mol e cular s witch it ftisioTj.grotem is inherently 
cooperative; and, 

b) the all-or-nothing action of the switching mechanism of tlie moLccolar switch 
fusion protein assures that k the fusion protein behaves in a binary fashion; 
and, 

c) the switching raechaiiism of the fusion protein is reversible; and, 

d ) the position of a reciprocally folding and unfolding conformational equilibrium 
of the fusion protein , to be described hereinafter, can be readily adjusted by 
external factors. 



[0001 8] In their simplest form, proteins are polypeptides, i.e., linear polymers of amino acid 

monomers. However, the polymerization reaction which produces a polypeptide results in the 
loss of one molecule of water jfrom each amino acid. Consequently, a polypeptide is more 
rigoronsly defined as a polymer of amino acid residues. Natural protein molecules may 
contain as many as 20 different types of amino acid residues, each of which contains a 
distinctive side chain. 



[000 19] An amino acid is an organic molecule containing an amino group ("-Nf-lj") and a 

carboxylic acid group ("~C!OOH"). While thei-e aie many forms of amino acids, ail of the 
important amino acids found in living organisms are alpha-atmno acids. Alpha amino acids 
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have their botli their -COOli and -NBj groups attached to the same carbon atom, which is 
called the alpha cai1)on atom. 

[00020] Thus, all of the important amiao acids found in living organisms consist of an alpha 
carbon atom to which there is attached: 



[0002 1 ] It is the structure of the R group that distinguishes each amino acid stnicUirany and 

determines its biochemical properties. Moreover, the structure and biochemical properties of a 
protein i» are dictated by the precise sequence of the amino acids in the po!>'peptide chains of 
which it is comprised. Que end of every polypeptide, called the amino termina! or N~teiminal, 
has a fiee amino ^roap (-NH2). The other end, has a free carboxyl group (-C.QOi i). and is 
gajk!j.tibgCMjbo^^^^^^ 

[00022J The particular linear sequence of amino acid residues in the polypeptide chain comprising 
a protein defsnes the primary structure of that protein. However individual polypeptides and 
groups of polypeptides undergo spontaneous structural alteration and association into a 
number of recurring intermediate patterns such as, for example, helices, inchiding alpha 
helices, and sheets, inchiding beta sheets. These recurring intermediate polypeptide patteras 
are referred to as a protein's secondary structure. The spontaneous slructurai alteration and 
association of polypeptide chains into a secondary structure is determined by the sequence of 
amino acids in the polypeptide chains and by the ambient biochemical environment. 

[00023] The helices, sheets, and otiier patterns of a protein's secondary structnre additionally 
undergo a process of thermodynamically-preferred compound folding to produce a diree- 



a) 
b) 
c) 
d) 



A hydrogen atom; 
Ail amino group (-Nllj); 
A carboxyl group (-COOI J); 
One of 20 difterem "R" groups. 
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dimensional oi teitiarv structure of the piotem The t\iii> loldtd coafonndnon of tlic pioteiii ix 
maintained bv lelativelv weak mtef-atoaiic forces siidi as. for example, hvdrogen bonding, 
hvdiophobic uUeuiLtiOM^ 'nd >.h ^ ^ -s j^' ^rso^ < i <. i hoiki' bei".een sulphui 
atoms ma> aiso patt^ipato m piotcm tolditi^ inio a loiuaix contoimaui n b\ toimum intra- 
molecular dii>uUkic budges m a smgle polypeptide cham ai> wcM a:^ bN toimmg intcimolcLiiiar 
disulfide bridges between separate polypeptide chains of a protein. This ability of polypeptide 
chains to fold into a great variety of structures, combined with the large number of amino acid 
sequences of a polypeptide chain that can be deri ved from the 20 common amino acids in 
proteins, coitfers on protein molecules their gt:eat range of biological activity. 



[00024] The tertiary structure of a protein may contain a surface loop. As used herein, tlie term 

surface loop means is a continuous length of polypeptide chain wiiose constituent amino acids 
are in neither an alpha helical conformation nor in a beta sheet conformation, and can contact 
at least five water molecnies, as determined by the DSSP computer program of Wolfgang 
fCabsch and Chris Sander. The DSSP, a program which is well known in the arf, defines 
secondary structure, geometrical features and solvent exposure of proteins, given atomic 
coojxlinates in Protein Data Bank fonnat, which is also well known in the art. ( W. Kabsch & 
C. Sander, ".Dictionar>'- of protein secondar>' structure: pattern recognition of hydrogen-bonded 
and geometrical figures", Biopolymers 22, 2577-2637, (1983); See also, Centre for Molecular 
and Biomoiecular Informatics, University of Nijmegen, Toernooiveld 1, P.O. Box 9010, 6500 
GL Nijmegen, +-31 (0)24-3653391, , po5tmaster@cmbi.kuR.til; 



[00025J Consistently with the foreg oin g definition, tlie term "'surface loop" additionally means tiie 
gyMQdg:.4pjjjgi» 

acid of the surface loop and terminating at an alpha carbon of a terminal amino acid of the 
surface loop . 

[00026] Protein folding occurs on a global level that etidows the entire protein molecule with a 
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three dimensionai suucture and surface topoiog>^ Protein tbidiiig also occurs at a loca! level at 
muhiple sites upon and within a protein. Locally, folding may irwoive one or more 

polypeptide subiiiMts of the protein to endow different regiors.s of the protein with different 
specific biological activities, or different specific molecular architectures, such as, for example, 
fashioning a location in a protein molecule into a receptor site for anotlier molecule. 

[00027J As used herein, the term domain means the molecular structure of an endre protein 

molecule or the molecular staicture of apart, pordon, or region of die molecular structure of a 
protein molecule, including a part, portion, or region of ti^e protein molecule's surface or the 
protein molecule's interior, A domain may refer only to a distinction in a protein molecule's 
staicture, such as for example, an alpha helix or a beta sheet A domain may or may not ha ve 
an associated biological function, such as a regulatory, receptor, signaling, active, catalytic, or 
other biological function. A domain may further be associated with a free energy, i.e., a 
the nBodynamic state ftroction that indicates the amount of energy that stabilizes the domain 
when the protein, or part thereof, with which the dofuaiii is associated is in a foided 
configuration. Al! of part of the ftee energy may be available for the domain to do biochemical 
work. 

[00028J Because the folding of a protein molecule is both a global and local process, it can 

endow a protein molecule with botli global and local structural and biological properties, such 
as, for example, an enzymatic activity, or a capacity and specificity for binding other proteins, 
such as antigens. Consetjijently, the biological functions of a protein depend on both its global 
folded tertiary structure, which is also called its native or folded conformation, as well as the 
folded structure of regions of the protein. Conversely, a global or local unfolding of a protein 
deactivates its global or local biological activity. An unfolded, biologically inactive protein is 
said to be in a denatured or unfolded conformation. 

[00029] Many proteins are comprised of domains that comnnmicate with each other by means of 
conformational changes in the structure of the protein of which they are a part, in order to 
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activate or deactivate a biological fonction. For example, in the case of a protein that is m 
enzyme, ligand binding or phospIioi>!ation can serve as a switching mechanism to induce 
stnictiiral changes within the enzyme's regulator domain, which then tiiggers activity in the 

enzyme's catalytic domain. 

[00030] Another type of switching mechanism is ilfustrated in vivo by proteins that are unfolded in 
physiological conditions but fold upon binding to a celUdar target. In this molecular switching 
mechanism, the folding and unfolding of aregvilaton' domain of a protein modulates the 
tunction of the protein via propagation of structural changes to its active domain. 

[0003 1 ] : l:n the ease of the a llie fusion protein herein ser^'ing' m ■ mi exiempiary embodimeni of the 
model for ' {lstQA}"a mutually e xel«si¥ e domatt^ foiding (h e f e i^ 
pfete«»4g-afM4^^9A4-^e?£e«ipiafv4a^ is synthesized from; 

a) m es-^aplafy ubiquilin i?isert protein having an insert re gu ! a tor y dom ain lying 
between an amino terminai and a carboxyi terminai of the ubiquitin insert 
grotein, which insert regn|atgry domain is associated with a first quantity of 
free energy; and, 

b) a» esemptafy barnase tai-get protein having a atleast one surface loop that 
begins at an alpha carbon of a - fet-swfee e -loep am i ne aeid an initial amino 
acid of the surface loop and terminates at an alpha carbon of a second gurfhoe 
leop - a j ai t ae-ae i d. terminal amino acid of the surface loop , which surface loop 
comprises a target cytotoxic domain associated with a second quantity of free 
energy. 

[00032] lire amino terminal of the «x - e t »plafy ubiquitin insert protein is spatially separated frora 
She csiboxNl lenuuial ul Ihe u ' ^jnipuii i.bu i iiun 'n^^."•^ p.oSoin >\ a uv\r e -.naiglit hnc) 
(hstaiKO known as the ammo-oaiboxsl length (heremafter, the 'K-t.'' termma! icngth ") uf the 
exemplary ubignitin insert protein, that is measured when the exemplary nbiqnitin insert 
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prolein is in its folded confonnatiou r: see, e.^. doubk-headed arrow in FIG. 2 A. The fest 
surfac e loop amino acid alpha cad>on ft^^ of the 

exemplofy barna^e tarirei pinr.jisi i - -pa'ullN -.cp.^iaicd fuTii the --second ''rtH- face loop amino 
mid al pha carhon of the tcnminai aniiiK) ao iu ofihc surface loop oi the ex e mplary- barnase 
target protein by a hncar (i,e , straight ii»c) distance known as the alpha-carbon-alpha-carbon 
le^^gth of the surface loop of tlie e x e aiplatv baoi^sg; target protein (hereiriafter, the "Caipha- 
Calpha length"), that is «fes» measured when the eiij«t«^laiy bariiase target protein is in its 
folded confomiationr : see, e.^. double-headed arrow in FIG. 2B. 

|OO033| The molectilar structure of the e?6ef«plafy ubiquitin-barnase fusion protein is engineered so 
that, at any time, the folding of the ubiquitin insert re gitlatory domain necessarily unfolds the 
barnase target cytotoxic domain, and vice versa, thereby making the folded and unfolded states 
of the iiiseri reguiaiorv and target cvioloxic domains mutually exclusive. This mutual 
exclusion of concurrently folded or concurrently unfolded states is accomplished by the 
insertion of the e xemplary ubiquitin insert protein into tlie surface loop of the e x e mplary 
barnase target protein subject to a novel stmctural design criterion wherein the N-C terminal 
length of the e x e naptaFy ubiquitin insert protein is at least two-times greater tlian the Calpha- 
Caipha length of the surface loop of the exemplary barnase target protein. 

[00034] The presem invention is thus a fxtsion protein to tffl - e ^ j r empkwy- e mbotl i HW ji tt 
of a model ' for ' a-rmttua- l^ a molecular switch oompristng 

on exemplary two ■ domain, bifunctional fusion prot e in, wherein the free energy released by the 
folding of the ubiquitin inseit reanlatory domain a first domain of the ex e mplar>f fusion protein 
drives die unfolding of the barn ase target cytotoxic domain a second domain of the ax - git^i^lm^ 
ftision protein, and vice versa. 

[00035J Subject to this novel structural design criterion, a dynamic state of themiodynaraic and 
structiira! equilibrium is established in the e x -e- f ftpie iy fusion protein that disenables the 
regulatory insert domain of the e xemp l ary ubiquitin insert protein and tlie cytotoxic target 
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domain of the e^e fy ^^teiy faamase target protein from simultaneously co-existing in their native 
foMed states, 

[00036] Vv-coiduiuK, am excels fioc cncigv picscni fn one of the t\\o domain-, that k not 
necessary to stabilize ni> folded configuration i:^ spontaneousK ttanNfcned, thuuigh the 
structure of the e x -e ii f ifiiaiy fusion protein, to the other of the two domains to unfold it from its 
folded confi^iration, and vice versa. In effect, the excess Iree energy stored in the folded 
conformation of one domain is used to drive the unfolding of the other domain; and, the 
molecular structure of the exemplary fusion protein is engineered to create a dynamic state of 
thermodynamic and correlati% e structural equiiibiium that is deteitnined by the relative 
tiiermodynamic and structural stabilities of tire two domains. 

[00037] Viewed another way, the molecular structure of the e?6e*B^i«¥y fi.ision protein is engineered 
to create a MEDF molecular switch by creating cooperatively folding-unfolding subunits 

coinpi jstiig two protein domaiiis, which two domains cannot simultaneously exist in their 
folded states. This scheme is depicted in FIGS. I A - F. 

[00038] FI < Sv - 4A s feews -^s e4)e«^atj6"i4 t u s tm t ^^ ^ ^ ^ 

unfolded ■ coTifoCT'nat : ia» . FIG. I A is a schematic illustration of an insert regulatory domain of a 

ubi quitin insert prote in in an unfg^ conformation . In F!G, lA, exeH^^tev ubiquitin insert 
protein 51, having an amino terminal 21 and a carboxyl terminal 22, exists in an unfoided 
conformation 20, thereby forming an exemplary unfolded insert re guiator>^ domain, 
schematically illustrated as a hatched ribbon that is coincident witii the extent of ©tefflftey 
nbiquitin insert protein 51. 

[00039] FIG. I B shows a schematic i l Uistration of o domain of an oxempiary i niiert protein in cm 

■ fold e d-eeiiferBiatie -ftr FIG. IB is a ^cheinauc illustiaiion of an insert regulaioiY domaiti of a 
.ub!.^lU.!.tAD...iMeiti>io^^^^^^ in FIG. 1 B, e^feempltHy nbicjuitin insert 

protein 51, having an amino terminal 2 J and a carboxyl terminal 22, exists in a folded 
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conformation 23, thereby forming m mmTe i ^hty folded insert regiilatory. tiomain, 
schematically illustrated as a hatched double-crossed ribbon that is coincident with the extent 
of e jfe e i^piaF v ubiquitin insert protein 5J, and folds to form indentation 24. 

IOO04OJ b\ Fig. I B. reference numeral 25 refers to the a.mino-carboxyl length of insert regtiiatorv 
domain of insert protein faamase in its folded conformation f conesponding to dovible-headed 
arrow labeied 38 A in FIG. 2A). lite antino-carboxyl leng th of ^ insert regulatory domain of 

insert protein barnase m its folded confomiation is sy nonyTiious with the N-C tenninal length 
of the iabeied 38 A in FiG, 2A). The amino-car box yl length of the insert re gulatory domain of 
insert protein barnas e in its fold ed conformation (also corresponding to double-headed arrow 
labeled 38 A in FIG. 2 A) . 

[00041] In FIG. 1 C, there is shown schematically a folded conformation 26 of a« exemplary 

bamase target protein 41. having asHesfceflspkw folded target cytotoxic domain in tire shape of a 
wedge 46. Barnase feemp i my target protein 41 also has a surface loop 27, schematically 
shown as a nearly full circle, arising Itoni an alpha carbon of an initial amino acid of the 
surface loop, forming a first terminals beginning 28 (of a first arm 29) of wedge 46, and ending 
at an siecond alpha carbon of a tenninai annno acid of the smface loop, fomiing an second 
teffiskm end 3 0 (of a second arm 31) of wedge 46. 

[00042] Also shown schematically in FIG. 1 C is line 45, representing the (straight) Caplha-Calpha 
length of the surface loop 27. 

[00043] In FIG. 1 D, tliere is shown scheiiiaiicaMy an unfolded conformation 32 of e*fe«sf4aFy 

bamggg target protein 41 in which exemplary folded target gvtotoxic domain 46 (of FjG. ICj 
has unfolded into the shape of straight line 56. Unfolded conformation 32 ofe xemp t ary 
barfjase target protein 41 also has surface loop 27, now shown as a half-circle arising from fest 
tire alpha carbon fotining » the fesf4««iiB«fs beginning 28 of the straight line 56 and ending at 
tt -se eeft4 the alpha carbon forming a die se e&fl4 -tei« «M S end 30 of the straight line 56, 
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[00044J In VIG I £ theie is i»ho\vn scheniatJcaU"v a» e*fcei«pi«H=v ithiqmtm-bdinAbe Jus-ion piottm 

35 £-empffsed"(=>f mcludina e^empkn-v ubiquitni insert protein 51 niserted into surface loop 27 

vtjpabie of existing m two nuuiiall> extlusfxc toniotmauons 351 <!tnd 35R leptesonUng the 
mutnallv exclusive binary states of the twed e i - fof - ^foe Mfe£>F"CTH>teeft t M" S^ w » te j veempf » s t Hg 
embedi e dk e setaptev ubi qaitin-bamase fitsion protein 35. 



[00045] lUe inwgc to ihc \ch of the annp.u J el ^iiov^ 36 nt 1 I(j !!:: shtn\s e\elusi\e otdte 35L ol" 
^^^iB]4vtiv iihR)i.utni-baruase UiSioii {''otoir 35 \\t ci^m tf\tii-»pkHv uhiquitm m^ett pnnemSl, 
wnh Us ^i t -et ftp lt H -y in^ett legul.uoty donuiui in iinfoldt'd (hatched nbbou) coiiforraaiion 20, {txh 
shown m Fi.G, 1 A), has been inserted mto surface !oop 27 of e x -e m^ i my - barnase target protein 
41 with its e x e mplary target cytotoxic domain in its folded conformation 46, (as showTi in FIG. 
I C). The image to the right of the antiparallel arrows 36 of FIG.1R shows exclusive state 35R 
of exemplary' ubiquitin-baniase fusion protein 35, wherein e x e iBplary ubiquitin insert protein 
51, with its ex«n- i plar-y insert regulatoiy domain in its folded (hatched double-crossed ribbon) 
conformation 23, (as shown in FIG. IB), inserted into surface loop 27 of exempted' barnase 
target protein 41 with its e x e at^kty target cytotoxic domain in its unfolded (straight line) 
conformation 56 (as shown in FIG. I D). 



[00046] In FIG. IF, e?(«mplapy ubiquitin-barnase fusiors protein 35 is again shown schematically 
existing in two mutuaUy exclusive confi^rmations 35L and 35R, representing the imitually 
exclusive binary states of t h e t aed el -fot' th e MEE>P t Me le eakr"Swit ' eh e t»bedi e d : 4H cotnprising 
e x -e iBf^lery - f tision protein 35. Hovvever, the dynainic equilibrium existing between 
conformations 35L and 35R has been shifted to the riglit by die binding of exemplary ligand 
40 to the indentation 24 of exemplaiy insert regulatoiy domain of protein 51 in folded 
conformation 23. 



[00047] jf^be exemplar))- insert regulatory domain of exemplaiy ubiquitin insert protein 51 in 
folded conformation 23 (FIG. IB and FiG. IE Riglit) is more stable than e ifcempiayy target 
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cytotoxic domain ha^mg weitge 4 6 of exetiiptagy barnase target protein 41 in its folded 
cotjfomiation 26, (FIG. iC and FIG. IE Left), then ej^eaaytety insert regdatory domain of 
ese«*ptefy iibk|uitin insert protein 51 hi folded confonmtion 23 (FIG, IB and FIG. IE Right) 
will have an excess of free energy with which to forcibly stretch and unfold folded 
conformation 26 of «?fee9«ipiafy target cytotoxic doniainT-fea ^g^ ¥e i l g e-4 6 ; of e?ie*«^tey 
bamase target protein 41 (FIG. 1 C and FIG . 1 E Left), thereby unfolding wedge 46 into line 56, 
and yielding e i te mptegy ubiquitin-bamase fosion protein 35 in state 35R. 

[00048J Ifrnm^Omf target cytotoxic d omain? bavrHg-w' e dg e - 4 6 ' ; of ex e mplary barnase target 
protein 41 in folded confbrraation 26 (FIG. IC and FIG. 1 E Left) is more stable than 
exemplary insert re gdatory domain of exemplary ubiquitia insert protein 51 in folded 
conformation 23 (FIG, IB and FIG. IE Right), then e?i e mpk«y target cytotoxic domain^ feaviag 
w e dg e- 4 6 v of e gc e mp i my bamase target protein 41 in its folded conformation 26 (FIG. IC and 
FIG. 1 E Left) will have an excess of free energy with which to forcibly stretch and unfold 
e^ea^ptey insert re gdatory domain o f e x e t«p la f¥ ubiquitin insert protein 51 in folded 
conformation 23 (FIG. I B and FIG. IE Right), thereby folding line 56- into wedge 46, and 
yielding e i^ e m^laty - ubiguitm fusion protein 35 in state 35L. 

[00049J In tbis manner, e s -fr ia^kfy --e ai l M .» 4tm e wf< » f4fe e- med e4- fe ^^ the nbiqnitin-barnase fusion 
protein MfeQI^»giegdM-«wHefa fdiy exploits the free energy stored in the folded 
conformations of the a foremen iioned domains, as well as the inherent cooperativity of 
reciprocal domain folding, to create a molecuhrr .switch of unprecedented eftkiency. 
CoMeqnently; tli e lite mod e l fef^ MEDF molecular switch ubiquitin:bartiase 
is a novel and powerM approach to understanding the ftmdamental mechanisms of allosteric 
switching in moleciiiai- biolog>' and for the dex^eloping diagnostic and tlierapeutic proteins with 
novel capabilities, possessing the fbilowing advantages; 



a) the mechanism of the molecular switch it is inherently cooperative; and, 

b) the all-or-nothing action of the mechanism of the moleculai- switch assui es 



Serial No. 10/802,516 



that it behaves in a binary fashion; and, 

c) the switching mechanism is reversible; and, 

d) tlie position of tire folding^'unfoiding equilibrium can be readily adjusted by 
external factors. 



[00050] For example. When present at 1 mM concentration, a Hgand that binds to a protein with a 
dissociation constant of 1 nM, will stabilize the native confonnation of the protein by as much 
as RT h5(10"), or 4,2 kca! mol"' at 37 degrees C. This value is comparable to the total tree 

energy change of iblding for many proteins. 

[0005 1 ] As it:}dicated. bamase. is a highly cytotoxic ribotruclease that breaks linkages between 
iiucleotides in rifaonucietc acidr A major problem wi agent, e.g ., 

in the treat tnem of c aocer. is that its cytoto xicirs-- is i odiscriminate. Currently available 
ribonuclease pharoiacoloaic agents, such as bamase, kill normal as well as neoplastic cells, and 
the side effects of their use can be severe. 



[00052] Because, the regulatory domain of ubiqnitin and the cytotoxic domain of bamase cannot 
simuitaneonslv co-exist in their folded states, tlie reauiatoiY doinain of ubiaiiitin. may be used 
t»r^g\llMg.Thc 0T^^^^^^^ MQj'gQV'grvthe^^^^^^ 

pdU!Ci)Mtc in a coop(,uiti\e and rexc^Hsblf conionnationai equiiihiuim. that may be influenced 
and conn olkd b\ a yaiiet) of contro Habie eifec tor signal s sucli as, for examp le, Si ijond 
bmding, pH, tempenunre. chemical denaturants. or the presence of 
mutations in either the barnase or ubiquitin domains. 

[00053J Wlnl o the ox o mplary embodim e nt of thf mod el f o i a [ I '. t( ) A ] M F D F ^vv itch e nta i ls th e 

CT e a4 t OT> of a The two-domain, bifunctioual e \; tf B^plHF^ ■ ubKjmtin-bainasc iiisnm ptotcm *e-fee 
d c Nciihod mulu Inllv h o i o in.itt L' ^ Tu j L\^mA ^ r. j^nboJ . iPoni of ihc tnodol fur a [I .tOA] 
MLDF switch dihclo.s e d liet e m not hmited to the in.semon of an e x e mp l ars ubiqtutin msea 
protein into an eMempiary bamase target protein having only one domain or only one 
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biological ftmctJon. The e^te«ajptey-e«afeefe>e«^^ Cwo-domai«. 
bififflctiomi j Abtquh disclosed herein comprises cases wherein one or 

more exempiaty insert protetna is inserted into one or more surface loops of exemplary target 
proteins having multiple domains and multiple bioiogical functions, tiie effect of these 
insertions being to form a one or more cooperatively folding-unfolding subtmits in the resultant 
e xetnp l oFy fusion protein, each comprising tvvo protein domains, which two domains cannot 
simultaneously exist in their folded states, thereby forming one or more cooperative, 
reversible, MEDF molecular switches in the same e s:e t i^{>laiy fusion protein, each of which is 
responsive to different controllable effector signals such as, for example, ligand binding, pl:l, 
temperature, chemical denaturants, or the presence of stabilizing or destabilizing mutations in 
either the barMse or ubiquitin domains. 




[00054] To create a specific nonlimiting exemplar)' cmbodim o nt of tb o mod e l for a MEDF switc 

th e i nv e ntoB - h e F e j -j ft er e at e d a the two-domain bifimctional nbiquitin-barnase fusion protein, 



human ubiquitin moiecuie having one regulatory domain, into a selected surtace loop of a» 
exemplary tjie.bMMgg target protein, barna se, which surface loop has one catalytic (or 
cytotoxic) domain. 

[00055] The exemplar^' insert protein, human ubiquitin, is a protein having one regulator^' domain, 
and one biological function, that of serving as a signaling marker or flag. 

[00056] The exemplarv' target protein, bamase is a ribonaclease produced exclusively by the 

bacterium Bacillm amyloliqtiefitckm. Barnase has one catalytic domain tiiat is functionally 
cytotoxic to all mammalian cell types. 

[00057] FIG, 2A is a schematic illustration a rnoleciiie of hiunan ubiquitin. The sheet-like arrows 
and ribbons in FIG. 2A represent beta strands and alpha helices, respectively. The noodle-like 
strands in the protein are loops and turns of the ubiquitin molecule. In FIG. 2A, the N-C 





the inventors herein inserted e omfi 



:empi a:{y- i - ns e rt- | >rtH ei n , the 
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termmal length from ubiquilin is about 38 A in its foided coivfomiation, as indicated by the 
double-beaded graight-Hne aiTow bearing the bearing the legend "38 A' \ a magnitude tbat 

measures the stxalght-ltne distance between an N-teTtttinal asiiino acid at which one arfowhead 
begins atid a C-termi oal amino acid, at vvl ^yi the Qppo&iag arrow head ends. 

[00058] FIG. 2B is a schematic iilustration a baraase mokcuie. The sheet-like anws and ribbons 
in FIG. 2A represent beta strands and alpha helices, respectively. The noodie-like strands in 
tbe protein are loops and turns of the baniase niolecule. The bamase molecule has a surface 
loop in which the Ca!pha~Ca!pha length, measmed from alpha-carbon of tlie loop amino acid 
proline in the number 64 position ("Pro64") to the alpha-carbon of the loop amino acid 
tlweonine in the number 70 position ("llirTO") is about 10.4 A, witli the barnase molecule in its 
folded conformation, as indicated by the double-headed straight-line arrow bearing the legend 
"10.4 A", a magnitude that measures tlie straight-Hne distance betN^^een an alpha carbon at 
which one arrowhead begins, and another alpha carbon, at which the opposing arrow head 
ends. Tlie asterisk in FIG. 2B represents the point at which the iibiquitin oioiecuie, shown in 
FIG. 2A is inserted between amino acid residue 66 and amino acid residue 67 of baraase. 

[00059] The exemplar>' insert protein ubiquitin and the exemplary target protein barnase satisfy the 
novel structural design criterion that the straight line N-C terminal length of the exempiar^' 
insert protein be at least twice the straii>ht line Calpha-Calpha length of the exemplary target 
protein surface loop selected for insertion. In tlie exemplaiy fiision protein resulting from the 
insert ion of the exemplary insert protein ubiqui tin raolecnle into the surface loop of the 
exemplary target protein barnase, the foregoing structural design criterion is satisfied. 

[00060] Consequently, the regulatory domain of ubiquitin and the catalytic domain of barnase 

cannot simultaneously co-exist in their folded states; and, the regulatory domain of ubiquitin, 

may be used to regulate the cytotoxic activity of barnase. Moreover, the ubiquitin and baniase 
domains participate in a cooperative and reversible confonriationai equilibrium, that may be 
influenced and controlled by a variety of controllable eflector signals such as, for example. 
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ligand binding, pl l, temperatoie, chemical denaturants, or the presence of stabilisting or 
destabilizing mutations in either the barnase or ubiquitin domains, 

[0006 1 1 The ubiquitin and bamase genes are created by annealing and ligating synthetic 
oligonucleotides (Integrated DNA Technologies) according to standard protocols. 

[00062J The ubiqiutin-bamase fiision gene is made by first adding an exemplary five amino acid 
linker (Gly-Thr-Gly-Gly-Ser) between tlie Lys66 and Ser67 codons of the bamase gene. The 
inserted DNA contains exemplary Kpnl and Bamffi restriction sites that are used to introduce 
the ubiquitin gene. 

[00063] The exemplary five amino acids of the exemplary linker individiiaUy serve as short, 

flexible linkers at the points of attachment The ubiquitin gene is inserted between the Tlir and 
G!y codons of the linker. 

[00064J A!l genes are M\y sequenced to verify their integtity. 

[00065] An interim ubiquitin-bamase fusion expression plasmid pETMT is created by using 

exemplar^' Ndei and Xhol enzymes to insert tlie nbiquitin-barnase fusion gene into a plasmid, 
such as, for example, a pET25b(+) plasmid {Novagen), or any otlier T7 proniotor-containing 
plasmid tl^at also confers resistance to an antibiotic other than ampicillin. 

[00066] In order to make the plasmid stable in E. coU, the gene for barstar, the intracellular 

inhibitor of barnase that is co-expressed wttli barnase by BaciJlm amyhliquefaciem (together 
witb its natural promoter tom Bacilhis amyhlique/aciens), is cleaved out of an exemplary 
pM"ri002 plasmid (gift of Di\ Y. Bai, National Institutes of Health), or any other T7 promotor- 
tontamsug p!a>>uiid ti d' d ^s. n u-j-tdiivv. \( on *m i . u lei than timptciUm -\M.h ( L-il 
and Pstl cn/s mos 1 he 1 uii st li gene then piaced betw con !a! and l\ti i ests k f joii sites on 
tire pETMI piasnnd (prior to this step, these sites are introduced usmg the QuikChange 
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inutagenests kit (Sirategene)). 
[00067] In order to obtain mUligtam quantities of the ubiquitin-baniase fiision protein, it is 

nece>sais to uicjease Leliuiai Itx^ls ^ ' i s i vu , ii s '■hs. i u^i \o id ujuitm bama^e Iumou- 
baistai votnplox \(,co!dinuh the hai->v u -Ojk i-^ cloiKd mto au oxi^nipiaix pfr I ! j pi isinid 
(No\agen), therein pla^,ing it undei control of a I ptomotcr and confcnmy upon the 
transformed cells resistance to kanamycin or any other antibiotic other than ampicillin, 

[0006SJ E. coli BL21 (DE3) ceils are traiisfonned with both pbsmids, grown in a temperature 
range between about 20 degrees C and 37 degrees C in exernphiry I.AU-ia-Bertani medinni 
containing aKipicillin aod kanamycin to OD600 = 1 .0, and induced with 100 mg/L IPTG. 
Bacteria are itarvested about 2 to 12 hours later by ceiitriftigation. 



[00069] Ceils are iysed in about iO mM sodimn phosphate (pH 7.5) by repeated freeze-thaw cycles 
in the presence of a small amount of lysozyme at a concentration of about lysozyme is iO 
mg/iiter. ExempUuy DNase 1 (Signia) at a concentration of about 10 mg/liter is then added to 
reduce viscosity, and the solution is centrifuged to remove insolubles. S M urea is added to the 
supernatant to dissociate bomd barstar, which is subsequently removed by passing the sotntion 
through DE52 resin (Whatman) or a substantiaUy equivalent anion exchange cltrotnatography 
resin. The solution is then loaded onto a HiTrap heparin colunni (Aniershani-Phannacia) or 
substantially equivalent cation exchange cohmm, washed with 10 niM sodium phosphate (pH 
7,5) and 6 M urea, and elated with a 0-0,2 M NaCl gradient. 



[00070] Western blot analysis using anti-ubiquitin antibodies is used to show tlrat the major 
impurities are ti uncated ubiquitin-baniase fusion protein products in which the ubiquitin 
domain, which is unfolded in the ubiquitin-barnase fusion protein-barstar complex, is partially 
digested. These proteins, however, elute significantly later than the intact ubiquitin-barnase 

fusion protein in the Na(l gradient. The urea is removed by dialysis against double-distiUed 
water, to yield baniase-ubiquitin fusion protein that is approximately 95% pure as judged by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis. 
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[0007 1 3 To confine the switching mechanism of the model for th e MEPF mo le ctilar switch as 

emfet3#ted--ifHhe"fr?iefflpl - My ebiquitin-bamase fusion protem, and to characterized its stmctiire, 
stability, and enzymatic function, experimeiits were performed by the inventors herein upon 
the purified ubiquitin-barnase fusion protein, obtained as described hereinabove 

[000723 All experiments were performed tn 1 0 mM potassium phosphate (pH 7.5), 0. 1 M NaCI. 

The circular dichroism ("CD") spectra are shown in FIG. 3 as a fonction of temperature. In 
FIG .1., circles and squares indicate 5 ^'C and 50 "C, respectively; other scans were recorded at 
5 increments between these two limits. Below 20 X, die bamase-ubiquitin fusion protein 
exhibits molar eliipfcicities and spectral features nearly identical to those of bamase, A 
particularly diagnostic characteristic of bamase that is also ob$er\''ed for the barnase-iibiqiritin 
fusion protein is a minimum at 23 i nm attributed to Trp94. As temperature is increased, 
however, the spectrum shifts to one that strongly resembles ubiquitin. The 23 i nm minimum 
disappears., and the position and molar elUpticity of the new minimum are consistent with 
native ubiquitin. 

[000733 ^ shows a graph of the conversion a ubiquitin-barnase ftision protein from the 

bamase confonnation to tiie ubiquitin conformation, monitored by ellipticity at 230 nm (open 
triangles, solid line) and bamase enzymatic activity (closed triangles, dashed line). Lines are 
for illustrative purpose only. Activities were determined by recording initial velocities in 
triplicate (2 mM ubiquitin-bamase fijsion protein, 50 mM guanylyl(3 -5 )uridine 3 - 
monophosphate ("GpUp")) and are nonnalized to the largest value. As can be seen tram FiG. 
4, tlie transition is fully reversible and has a midpoint of about 30 degrees C. Further, it 
appears to be two-state; an isodichroic point near 223 nm is apparent, and plotting the 
transition at different wavelengths yields identical midpoints. 

[00074] The temperature-induced transition from bamase to ubiquitin is consistent with the higher 
thermal stability of ubiquitin. Ubiquitin and barnase unfold with midpoints of about 100 
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degrees C (pB 7) and 55 degrees C (pH 6.3) respectively. The possibility tliat the ubiqtiitin 
and bamase domams are simuJtaneousiy folded is mied out by the observatioii tiiat tlie twolar 
eUipticit} of the ubiquitiivbamase fusion protein never exceeds that of the individual proteins 

at any wavelength or temperature. 

[00075] To forther test tiie mmm\ excUisivity of ubiquitin and barnase domain folding, the 
inventors herein monitored urea-induced denaturation by Circular dichroism and Tip 
fluorescence. Ubiquiiin and bamase contain zero and tbree Trp residues, respectively. 
Fhiorescence is therefore expected to report priniariiy on structi«-al changes within the barnase 
domain, whereas Circular dichroism reports on both domains. F[G. 5 is a graph showing the 
denatiu ati on of the barnase domain (10 degrees C, circles) and the ubiquitin domain (40 
degrees C^, squares) induced by urea and giianidine hydrochloride ("GdnHCi"), respectively. 
Data were collected by Circular didiroism at 230 nm (open symbols, black lines) or by Trp 
fluorescence at 320 nm (closed symbols, grey line). Lines represent best fits to the linear 
extrapolation equation. .At 10 degrees C, the CircuUn dichroism and fluorescence cur\'es 
revea! a single cooperative unfolding transition. It appears to be two-state; theonodynatnic 
parameters obtained by fitting both data sets to the linear extrapolation equation are identical 
within error (.DG- 4.1 + 0.2 kcal^mol-l, m - 2.2± O.l kcaIxmol-ixM-1, Cm - 2.3 ±0.05 M). 
The fact that only one transition is apparent by Circular dichroism confirms that only one 
domain is folded. The agreement between Circular dichroism and fluorescence curves indicates 
that this domain is bamase. 

[00076] If the situation is reversed by raising temperature above 30 degrees C, addition of 
denatxuant at 40 degrees C is predicted to generate an unfolding transition by Circular 
dichroism but no ttansition by fluorescence. 6 M urea failed to produce a change in either 
spectrum. Addition of the stronger denaturant giianidine hydrochloride, however, yields the 
expected ('uculaj dic3uui>.m usiiokiuii. tjdnMison Vsiih the foliow ing TheiiDochnamic 
paiamcteis f)G = S5t;:0 i kcukmoi-i, - 2 S±0 i kcal-moi-lx M-LCm= ?4=:00SM, 
as shown in FIG. 5. 
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[00077] In contrast to molai- elUpticity, tluoresce«ce emission at 320 nm does not change 

Nietiificantls a^ d itinction of iruanldme Indioo \!.''vL' ^on^crn.K or ,i,g<>ev,ung tliai the 
barnasc i }p tt-sidue.-. ate soKcnt exposed at all denaiuiani coiKciuiaiioiib Tbis concin\ion 
supported In the findinu that the wavelength of inaximum emission remains constant at S'^b 
mti, the value for unfolded barnase. At 10 degrees C, this wavelength shifts from 340 nm in the 
absence of denaturant to 356 nm in 6 M urea. These data prove that; 

a) .folding of the baniase domain induces imfokiing of the IJ biquitin domain, and 
vice versa; and, 

b) temperatiue provides an efficient switch between the two folded conformations 
of the tibiquitin-bamase fusion protein. 



[00078] To determi ne how tightly folding of the ubiqui tin domain is coupled to unfolding of the 
bamase domain, the inventors herein measured the enzymatic activity of the ubiquitin-bamase 
fusion protein as a ftmction of temperature, using the substrate guanyiyl(3'~5')uridine 3'- 
monopbosphaie. As shown in FIG, 4, loss of The bamase-ubiquttin fusion protein activity in 
the ubiquitin- bamase fiision protein minors the structural conversion from bamase to 
ubiquitin, altliough the apparent midpoint of the former transition occurs at a higher 
temperature. 



[00079] A Hkely reason is that substrate binding in the enzyme assays prelerentially stabilizes the 
bamase domain. The complete loss of bamase activity above 50 degrees C, together with the 
molar ellipticity values shown in FIG. 3, provides strong evidence tbat ubiquitin domain 
folding induces complete imtblding of the barnase domain. 



[00080] The pfeccdmi- experiUKina! le^i -u„je^uV lo ^hc unentorN her em that tempciatiue ^.an 
be used to le^uiate cstotoxtcits of the ubiquitm-batnase fusion piorcin ni \i\o The nnentuis 
herein tested this prediction by transfonning E. coli with a plasmid containing the ubiquitin- 
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bamase fusion protein gene under control of an isopropy! b~D4hioga1actop>Tanoside 
("IFrG")-induced '17 promoter. Like barnase, the ubiquitin-bamase fiision protein is extremely 
ietliaJ. The piasmid was tiiund to be unstable in all strains of coii, inciiiding those tiiat do 
not harbor tlte T7 RNA poiymerase gene. Vexy few traiisformants were consistentiy 
recovered, and in each case the ubiqiutin-baiirase fiision protein gene was found to contain 
frameshift or nonsense mutations in the bamase coding region, 

[0008 } J To overcome this problem, die inventors herein inserted the barstar gene and its natural 
promoter from Bacillus an^yloHquifaciens into the foregoing piasmid, thereby creating a 
pETMT piasmid tliat is stable in E. colL 

[00082] As shown in Table i herein below, wherein figures are the averages with standard 

deviations are obtained from five plates, far fewer colonies were obtained when plates were 
grown at 1 5 degrees C compared to 37 degrees C, Moreover, 36 tng/m L IPTG was sufficient 
to kill nearly all of ihe bacteria at 15 degrees C, whereas 143 mg'mL IPTG was required to 
achieve a comparable result at 37 degrees C, 

TABLE J 

Cytotoxicity of the bamase-wbiquitm fasioii protein m » fanctiou of temperature and 
Isopropyl P-D-thiogalactopyranoside concentration 



Number of colonies at indicated concentration of IPTG 



rcc) 


0 mg/niL 


9 mg/niL 


1 8 mg/mL 


36 mg/mL 


72 mg/ra[> 


1.43 rag/mL. 


15 


i4±5 


35 ±18 


39 ±4 


0.3 ±0.5 


0±0 


0±0 


37 


160 ±40 


250 ± 60 


257 ±40 


274 ±30 


12 ±4 


0.60 ± 1 



[00083] These findings reflect the temperature-induced conformational shift from the bamase- 

form of the ubiquitin-bamase fiisios protein to the ubiquitin fonti. Further, they demonstrate 
that the ubiquitin-bmnase fusion protein//:', coli system is highly responsive to the relative 
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stabilities of the two domains withra the tempemture range of bacterial growtli. 

[00084] "Nativeiy-mifolded" proteins contain subunits that are unstructured or partially 

structured in physiotogical conditions. The free energy of folding is provided by iigand binding 
interactions, and the resulting confonnational change is used to modulate function of distant 
domains. The ubiquitin-barnase fusion protein captures this property as well. When barstar is 
added to the ubiquitin to form of ubiquitin-barnase fiision protein at 40 degrees a 
confonnationai change is observed. FIG. 6 is a graph of a circular dichroisra spectral 
recording at 40 degrees C, showing barstar-induced folding of the bamase domain and 
unfolding of the ubiquitin doniaio.. Dotted lines represent 10 mM The baraase-ubicjuitin 
fusion protein in the absence and ptssetice of 12,5 nM barstar, respectively. Black lines were 
generated by subtracting the circular dichrotsm spectra of free barstar, 

[00085] The circular dichroism spectrum of the ubiquitin-barnase fiision protein-barstar complex, 

after subtracting the spectrum of free barstar, resembles that of the ubiquitir?~btunase fusion, 
protei n at 15 degrees C. FIG. 7 is a graph of a circular dichroism spectral recording at 15 
degrees C, showing barstar-induced folding of the bamase domain and imfolding of the 
ubiquitin domain. Dotted lines represent 10 mM lire bamase-ubiquitin fusion protein in the 
absence and presence of 12.5 niM barstar, respectively. Black lines were generated by 
subtracting the circular dichroism spectra of free barstar. The two are not identical, apparently 
because of minor structural differences between the fi'ee and bound states of barnase and'or 
barstar. However, Circular dichroism spectra of the ubiquitin-baniase fusion protein-barstar 
complexes at 40 °C and 15 °C are virtually indistinguishable. This result signifies that 
ubiquitin domain. 

[00086] Accordingly , the inventors herein ha\'e demonstxated that the folding free energy of one 

piotcuj domain can bi, used diue > nlold.na . f aroihcs Bcv,= >-e ("okiing is ifxcisiblc and 
mheicntiv to(>peiati\e, this mcchani'Nm constnutesan ctficicnr and icsponsixc model tot ,i 
mutually exclusive domain folding molecular switch for, inter alia, coupling conformational 
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change to protein function. The cytotoxic activity of baniase in the present invention provides 
the basis for several novel applications. For example, stability-enhanced ubiquitin variants can 

be rapidly identified from combinatorial libraries by their ability to allow E. coli to sumve at 
temperatures less than 30 degrees C in the presence of 36 mg/mL IPTG. 

[0008 7] A major advantage that this model m»te|jy : « jce|i s ^ 

fusion protcm afforclj> o\ cr other directed evolution techniques, ^uch as for example, phage 
displav IS that the enuie selection takes place m^Kie a hxnig bacteiium, and si.ihih/ing 
unjtatkjjis ate soiled fToni destabds/nig mutations m the mosi etTicieiit and dectsi\e mannei 
possibie i his model nnttuaU\ e xclu siv e tlomatn folding nioi e cuiai -^mtch fusion piotem is 
geneial and can be applied to odiei proteins, mcludntg those too large to be expiessed on the 
phage surface. If necessary, known stabilizing or destabilizing mutations can be introduced 
into the barnase domain in order to make the target protein optimaily responsive to the 
inserted protein. Additionally, the mod el - mftttm^ ' e xi^usiv e doma l n - fo l dia g ^ f^ 
fusion protein can be modified to generate a ciass of cyioioxic niolecuies with novel sensor 
capabilities. For example, the ma4 el ~mHfti a] jy 'e ?ve k }S i¥ e dema » 

fos|oj): Pj[Q!gil allows ribonuclease activity to be turned on and off by ligand binding to an 
engineered regulator)' domain. Ligatrd binding domains from any one of a large number of 
proteins can perform tliis function as long as they meet the su-uctural design novel described 
hereinabove. This invention fonns the basis tor developing cytoto.xic proteins that are activated 
by a wide variety of cell-specifjc effector molecules, and can thus target cancerous or virally 
infected cells for destruction. 
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